Lipoprotein Particle Isolation and Labeling: LDL particles were isolated from plasma, obtained from normo-lipidemic healthy volunteers, as previously described 2 were amine-functionalized via gas-phase silanization with AminoPropyl-TriEthoxySilane (APTES) as described 3 . A heterobifunctional (aldehyde-NHS) linker was prepared as described in 4 but without the PolyEthylene Glycol (PEG) moiety. 3.3 mg of the linker were dissolved in 0.5 mL chloroform and transferred into a small glass reaction chamber. 30 µL of triethylamine was added, and the ethanolamine-coated tips were immediately submerged for 2 h. Subsequently, the tips were washed with chloroform and dried with N2 gas. The tips were incubated for 2.5 hours in 100 µL LDL (0.06 mg/mL in PBS), to which 2 µL NaCNBH3 (1 M, freshly prepared in 10 mM NaOH) was added for irreversible binding. Afterwards, 5 µL of ethanolamine hydrochloride (1 M, adjusted to pH 9.6) was added for blocking non-reacted linker groups and incubation was continued for 10 min. This chemical modification was used to covalently link fluorescent lipoprotein particles on cantilevers.
Preparation of planar Supported Lipid Bilayers (SLB):
Glass slides (d = 22 mm, Menzel) were incubated in a freshly prepared mixture of concentrated sulfuric acid : hydrogen peroxide (3 : 1) for 20 min, rinsed with deionized water and ethanol and dried under nitrogen flow as previously described 5, 6 . Glass slides were then mounted onto the sample plate of the combined force and fluorescence microscope. 30 µL of DOPC solution (10 mg/mL in chloroform : methanol (3 : 1)) was evaporated under nitrogen (20 min) and resuspended in 300 µL of PBS. For experiments on pre-inserted fluorescent lipids, we mixed the DOPC lipids with low concentrations of C-BodipyFL before the evaporation step. Vesicles were prepared by ultra-sonication for 20 min and applied to the sample surface. SLB were formed on mica (for HS-AFM experiments) or on glass surfaces (for combined force/fluorescence-and for fluorescence microscopy only). Mica was freshly cleaved before usage. The bilayer had formed after 20 min, and the chamber was washed with PBS. For high-speed AFM measurements, only 1/10 of the incubation volume with the same lipid concentration was used.
Preparation of Giant Unilamellar Vesicles (GUVs):
GUVs were prepared by electroformation at room temperature 7, 8 . This technique produces vesicles with varying sizes from 10 µm to 100 µm. DOPC was dissolved in chloroform/methanol (10 mg/mL) and deposited on Pt electrodes and the solvent was evaporated by a constant N2 flow for 20min. 300 µL of 100 mM sucrose solution was added in a home-made chamber that allows visualization in the microscope. We placed in the chamber cap two holes with a distance of 5 mm for the electrodes. After the electrodes with dried lipids were submerged into the sugar solution, a voltage of 1.1 V at 10 Hz for 1 h and for another 30 min a voltage of 2.1 V at 2 Hz was applied. For imaging, we added 300 µL of a 150 mM glucose solution. Fluorescently labeled LDL particle solution was added to the suspension containing the GUVs (final lipoprotein particle concentration 0.3 mg/mL). Images were acquired 20 min after lipoprotein addition by confocal microscopy.
Preparation of Giant Plasma Membrane Vesicles (GPMVs): CHOK1 cells were seeded in cell
culture dishes until reaching 70% confluency and GPMVs were formed as described by Baumgart et.al 9 . Briefly, cells were washed twice with 1 ml GPMV buffer (10 mM HEPES, 150 mM NaCl, 2 mM CaCl2, pH 7.4). 1 mL of GPMV buffer was added to the cells. 18 µL of 4% para- Obtained auto-and cross-correlation curves were fitted with a 2D-or 3D-diffusion plus triplet model 10 , for membrane and solution measurements, respectively. The models are described below.
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For fitting, FoCuS-point software is used 11 .
C-Laurdan Microscopy. For GP determination, vesicles were doped with 0.4 µM C-Laurdan and imaged with a BioRad two-photon microscope. An 800 nm laser was used for excitation. Emission was collected in two channels, 440 nm and 490 nm constituting the ordered and disordered channels, respectively. GP values were calculated by division of the difference between the ordered and disordered channels and their sum 12 .
High-speed AFM: High-speed AFM was used as developed by the group of T. Ando 13, 14 . It was operated in tapping mode at room temperature (25 °C) with free amplitudes of 1. The two instruments were synchronized via TTL signals: the AFM was used as master, which triggered predefined imaging protocols on the fluorescence microscope. Typically, we started an experiment by parking the AFM tip at a predetermined distance from the surface (~3 µm). The start of the approach curve was used to trigger the illumination protocol; this allowed for optically monitoring the approach, hold, and retraction part. TIR excitation ensured that the tip was only illuminated during the short time period when it came into proximity of the bilayer, thereby limiting photobleaching. The illumination time for individual images was 5 ms. Silicon-nitride AFM cantilevers with silicon tips (MSNL-10) were amine-functionalized as described above and modified with lipoprotein particles.
Confocal Imaging:
GUVs and GPMVs were imaged with a laser scanning confocal microscope (LSM 700
AxioObserver, Zeiss). The microscope was equipped with a Plan-Apochromat 63x/1. tracking, AFM images were analyzed using ImageJ. Single molecule/particle diffusion constants were determined as described previously 16 . In brief, trajectories are characterized by a sequence of positions ⃗⃗⃗ ( ), with i ranging from 1 to the number of observations of this trajectory. The mean square displacements 〈 2 〉 were calculated as a function of the time-lag = ( + )) according to 〈 2 〉 = 〈( ( ) − ( + ))²〉 =1;1+ ,1+2 ;… (1) with n denoting the difference in frame index.
Data were analyzed by fitting with:
yielding the lateral diffusion constant D and the single molecule localization precision .
The density of transferred molecules upon contact of the LDL-coated tip with the bilayer was too high for single molecule tracking. We thus opted for a different strategy for estimating the diffusion were fit according to:
where the constant term accounts for the resolution of the microscope. Measurements were performed at room temperature.
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